has previously been isolated from the terrestrial Sordaria araneosa (S ordariaceae). Like the p aren t com pound hypoxysordarin exhibits high antifungal activities due to a specific inhibi tion of protein biosynthesis.
Introduction
Terrestrial fungi constitute a rich source for new antibiotics. In comparison, reports on the isolation of novel antimicrobial compounds from marine fungi are scarce. The field has been reviewed re cently (Cuomo et al., 1995; Faulkner, 1998; Biabani and Laatsch, 1998) . In many cases the same me tabolites have been isolated from fungal species which usually occur in terrestrial habitats.
In our search for bioactive metabolites from m a rine fungi we have isolated siccayne (4) (see Fig. 1 ) from the basidiomycete H alocyphina villosa (Kupka et al., 1981) and trapoxin A (5) from Corollospora intermedia (D aferner eta l., 1999). Both compounds had been isolated from terrestrial fungi before, siccayne from Helm inthosporium siccans (Ishibashi et al., 1968) and trapoxin A from Helicoma ambiens (Itazaki et al., 1990) . While sic cayne is an antimicrobial and cytotoxic compound, trapoxin A is a potent inhibitor of histone deacetylase (M. Kijima et al., 1993) . Furtherm ore a ß-lactone, antibiotic 1233A, (6 ) (Aldridge et al., 1971), a potent inhibitor of cholesterol biosynthesis (Om ura et al., 1987) from terrestrial fungi was de tected in cultures of the obligate marine Corollospora maritima CBS 214.60 (D aferner et al., 1999) .
In the following, we wish to describe the pro duction, isolation, biological properties and struc ture elucidation of hypoxysordarin (1 ), hypoxylac tone (2) and of sordarin (3) from a facultative marine strain of H ypoxylon croceum.
Experimental

Hypoxylon croceum strain M97-25
Fruiting bodies of H ypoxylon croceum were found on driftwood in a mangrove estuary in the Everglades/Florida. The dark brown ostiolate and conspicuously papillate perithecia are 0.3-0.5 mm in diam eter and partially immersed into the sub strate. The thin-walled asci (1 0 0 -1 1 0 x 7 -8 |xm) contain eight one-celled spores and deliquesce at maturity. The brown, non-septate ascospores measure 10-12x5 (im. The germ slit, typical for H ypoxylon is very short. Genus and species fit the description of Miller (1961) for H. croceum which, however, had not been described as a facultative marine species. Mycelial cultures from single ascospore isolates were obtained using a modification of the method described by Johnson and Sparrow (1961) . The spores germinated at 22 °C on GPYS agar (modified after Schaumann, personal com munication) composed of (g/liters): Glucose 1, Peptone from soybean 0.5, yeast extract 0.1, syn thetic sea salts 30, pH 7.2. For maintenance on agar slants the fungus was grown on YMG me dium (g/liters): Yeast extract 4, malt extract 10, 0939-5075/99/0700-0474 $ 06.00 © 1999 Verlag der Zeitschrift für Naturforschung. Tübingen • www.znaturforsch.com ■ D Ferm entations were carried out in 20 liters of a cornmeal medium composed of (g/liter): cornmeal 10, glucose 10, KH2P 0 4 1.5, KC1 0.5, N a N 0 3 0.5, M gS 04x 7 H 20 0.5, pH 5.8, in a Biolafitte C6 ferm enter at 22 °C with an aeration rate of 3 liters/ minute and agitation (120 rpm). A well grown cul ture of H. croceum in the same medium (250 ml) was used as inoculum. During fermentation 100 ml samples were taken. The culture fluid was sepa rated by filtration from the mycelia and the insolu ble ingredients and then extracted with 100 ml of ethyl acetate. The residue obtained after evapora tion of the organic solvent was taken up in 0.5 ml of methanol. 25 [il of the concentrated solutions were assayed for antifungal activity in the agar plate-paper disc diffusion assay using Nematospora coryli as test organism. A fter 14 days of ferm entation the culture broth (17 liters) was sep arated from the mycelia and passed through a col umn (18x11 cm) containing Mitsubishi Diaion HP 21 adsorber resin. The column was washed with water and the compounds were eluted with 2 liters of acetone. The acetone eluate was concen-trated and the crude product ( 1 .2 g) was applied onto a silica gel column (Merck 60, 0.063-0.2 mm; 14x6.5 cm). Elution with cyclohexane-ethyl ace tate 3:1 yielded 104 mg of an enriched product containing the antifungal compounds 1 and 3. A n other enriched product (130 mg), containing the ylactone 2 was eluted with cyclohexane-ethyl ace tate 1:3. For comparison, S ordaria arcineosa ATCC 36386 was grown in a medium composed of (g/1): glucose 50, malt extract 2, pepton from casein 2, Bacto yeast extract 2, K H 2P 0 4 2, M gS 04x 7 H 20 , pH 5.5 for 5 days and sordarin was isolated as described above. Surprisingly, S. araneosa also afforded, be sides sordarin, the new hypoxysordarin and hypoxylactone.
A n alytical m eth o d s
For analytical HPLC a Hewlett Packard 1090 series II instrum ent and for preparative HPLC a Jasco model PU-980 instrum ent was used. TLC analyses were perform ed on Macherey-Nagel Alugram Sil G /U V 254 precoated plates and visualised with anisaldehyde/sulphuric acid and heating. 'H NMR (500 MHz) and 13C NM R (125 MHz) were recorded at room tem perature with a Bruker ARX500 spectrom eter with an inverse multinuclear 5 mm probehead equipped with a shielded gradient coil. The spectra were recorded in CDC13, and the solvent signals (7.26 and 77.0 ppm, respec tively) were used as reference. COSY, HM QC and HMBC experiments were recorded with gradient enhancements using sine shaped gradient pulses. For the 2D heteronuclear correlation spectroscopy the refocusing delays were optimised for ]./CH = 145 Hz and n7CH = 10 Hz. The raw data were trans formed and the spectra were evaluated with the standard Bruker UXNM R software (rev. 941001). Mass spectra were recorded with a Jeol SX102 spectrometer. The UV and the IR spectra were recorded with a Perkin Elm er \ 16 and a Bruker IFS 48 spectrometer, and the optical rotation m easured with a Perkin-Elm er 141 polarim eter at 22 °C.
Hypoxysordarin (1) 
Results and Discussion
Structure elucidation o f hypoxysordarin and hypoxylactone, and identification o f sordarin
The structure of sordarin (3) isolated in this in vestigation could be established by comparing the spectroscopic data with those originally published (H auser and Sigg, 1971 ) and those of sordarin de rivatives (e.g. Schneider et al., 1995). For hypoxy sordarin (1), the NM R data for the diterpene and carbohydrate parts are almost identical, with the exception for the upshifting of the signal for 3'-H indicating that the 3'-O H is acylated, and the HM BC and NOESY correlations shown in Fig. 2 confirm the structure and the relative stereochem istry of those parts of 1. The MS data indicate that the 3 '-0 acyl group has the elemental composition C^HnOa, and the 'H NM R data show that the 11 protons are part of a spin system that has methyl groups in both ends. The presence of two epoxide functions in this is suggested by the chemical shifts for protons 4"-H to 7"-H and C-4" to C-7", as well as by the relatively small 'H -'H coupling con stants. As J4"_5» is only 2.1 Hz and a strong NOESY correlation between 3"-H and 5"-H can be observed, the C-47C-5" epoxide ring should be cis substituted, and a J^'-t of 4.3 Hz together with a NOESY correlation between 6"-H and 7"-H indi cate that the C-67C-7" epoxide is trans. Strong NOESY correlations between 4"-H and 6"-H, and 5"-H and 8"-H3, together with a fairly large J5-_6-(6.1 Hz), suggest that the two epoxide rings are parallel, and the most stable conformation would be with the epoxide oxygens as far apart as pos sible as indicated in the structure of 1. It was not possible to correlate the absolute stereochemistry of the acyl moiety to that of sordanin based on NMR data, so the configurations of C-4", C-5", C-6" and C-7" (all carbons) could also be inverted. The corresponding 2D NMR correlations were also observed with hypoxylactone (2), the pres ence of a lactone ring (instead of a free hydroxy acid) is dem onstrated by the MS data while its na ture as a y-lactone is shown by the 'H NM R shift for 4-H. Sordarin (3) was originally isolated from the ter restrial ascomycete Sordaria araneosa (H auser and Sigg, 1971) as an antifungal compound. Its aglycon, sordaricin, was found to exhibit similar anti fungal activity. Hypoxysordarin (1) differs from sordarin in the substitution with an unusual side chain. Hypoxylactone (2), a presumed hydrolysis product of this side chain could be detected in the culture broth. Sordarin derivatives similar to 1 have been isolated from the obligate marine spe cies Zopfiella marina (Sordariaceae) (Ogita et al.,  1987) , from the terrestrial deuterom ycete Graphium putredinis (Kinsman et al., 1998) and from the terrestrial Xylaria longipes (Schneider etal., 1996) .
Besides hypoxysordarin, hypoxylactone and sordarin, 5-methylmellein and 16-hydroxy-7-isopimaren-19-oic acid were also identified in cultures of H ypoxy Ion croceum M97-25. The latter two compounds have been reported from other H ypoxylon species (Borgschulte et al., 1991) . Whalley and Edwards (1986) concluded that the formation of dihydroisocoumarin derivatives, especially 5-methylmellein, is widely distributed throughout the genus H ypoxylon and other members of the
Xylariaceae.
The only known obligate marine H ypoxylon species, H. oceanicum produces an antifungal cy- 
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Biological properties o f hypoxysordarin (1) and sordarin (3)
The antifungal activities of 1 and 3 are com pared in Table I . 1 exhibits higher antifungal ac tivities towards Absidia glauca, M ucor miehei, Paecilomyces variotii, Penicillium notatnm and Penicillium islandicum in the serial dilution assay. No antibacterial activity could be observed with both compounds. The cytotoxic effects on several cell lines are very weak (Table II) have identified fungal protein biosynthesis with the elongation factor 2 (EF2) and the ribosomal P-protein stalk function as the target for sordarins (Justice et al., 1998; Gomez-Lorenzo and GarcfaBustos, 1998) . Incorporation of 14C-labelled pre cursors into macromolecules in N em a to sp o ra coryli showed a preferential inhibition of protein bio synthesis starting at 0.01 [ig sordarin/ml and 0.05 [ig hypoxysordarin/ml, respectively (Fig. 3A) . 0.5 jig 3/ml or 1 ^ig 1/ml resulted in a complete ar rest of translation. Higher concentrations of 1 and 3 partially inhibited the synthesis of DNA, RNA and chitin. Incorporation of precursors into mac romolecules of HL-60 cells was very weakly and not selectively inhibited starting from 5 -1 0 [.ig/ml 1 or 3 (Fig. 3B) as has been described for other sordarin derivatives (Schneider et al., 1995; Justice et al., 1998) .
The side chain of hypoxysordarin apparently confers a higher antifungal activity (with the ex ception of N em atospora c o ry li) and an extended spectrum of sensitive fungal strains. The precursor of the side chain (2) itself does not exhibit anti biotic activities.
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